Introduction
In most beef cattle crossbreeding studies that involve production of crossbred calves from straightbred cows, researchers have studied differences in performance of the different crossbred calf groups and differences between straightbred and crossbred calves. If there are important differences among groups of calves for traits such as weaning weight, then it is possible that some groups of calves stressed their dams to a greater degree than other groups of calves. It may be possible to detect increased stress on the cow by measuring cow traits such as weight, measures of body condition, changes in weight and condition, milk production and reproduction. The objective of this study was to compare traits of Hereford cows that produced Hereford, 50% Angus -50% Hereford, 25% Simmental -75% Hereford and 50% Simmental-50% Hereford calves.
Materials and Methods
The experiment was conducted at the Northern Agricultural Research Center near Havre, Montana, during the years 1976 to 1979. Contemporary Hereford cows that were managed the same were randomly bred to Hereford, Angus, Simmental • Hereford and Simmental sires by use of artificial insemination (AI) for 45 d. Each sire breed group was represented by nine of 10 sires. The same sires were used each year. Details regarding sampling of sires and more complete experimental
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procedures were described by Lawlor et al. (1984) . Cows were 3 to 11 yr old at calving, but for purposes of statistical analyses they were grouped into three classes (3, 4 and ~5 yr old). Cows were maintained on native range with sufficient supplemental feeding during the winter to maintain weight. Calves were not creep-fed and were weaned at an average age of 180 d.
Traits of the cows that were analyzed are listed in table 1. Precalving weight was taken on a day just before the start of the calving season (normally about the middle of March) and as a result includes the weight of the fetus. The prebreeding weight was taken just before the start of the 45-d" breeding season during the first week of June. Weaning was during the first week of October. The ratios of weights and weight changes divided by height were all calculated by using height at withers at the time of weaning. The subjective condition score ranged from 1 to 9, with 9 representing the fattest cows. Milk production on a portion of the cows was measured twice during lactation by the weigh-suckle-weigh procedure, once at 30 to 50 d into lactation and again at 120 to 150 d into lactation. The length of the separation period was normally about 8 h and then the milk production estimate was mulitplied by the appropriate factor to yield 24-h milk production. Pregnancy rate was analyzed by coding pregnant animals 1 and nonpregnant animals 0 and then it was expressed as a percentage by multiplying means and standard errors by 100 and mean squares by 10,000.
Data were analyzed using the fixed model least-squares procedure (Harvey, 1975) . Main effects included year, breed of calf, sex of calf and age of cow. All two-way interactions were tested in preliminary analyses and excluded from final analyses if they were nonsignificant. Days before calving (number of days between date of precalving weight and calving date) was included as a covariate for most traits, and day of lactation was included as a covariate for the milk production estimates. Subsequent analyses were conducted in which the statistical model included the basic model outlined above plus calf birth weight, calf preweaning average daily gain (ADG) or both as covariates, or with previous calf breed or pregnancy status as main effects. Duncan's new multiple range test was used to compare treatment means.
All cows included in the study were lactating and weaned calves. After excluding all cow records that had missing data, 386 cow records were available for analyses for all traits except milk production and conception date. Requiring all cows to have a conception date reduced the number of records to 356. Cows were sampled at random for milk production tests and 85 
Results and Discussion
Shown in table 1 are the overall least-squares means and standard errors for each trait. Cows lost weight from precalving to prebreeding (a period of about 3 too) and gained weight from prebreeding to weaning (a period of about 4 mo). Cows gained in condition score from postcalving to weaning. The estimate of milk production early in lactation was larger than late in lactation. These means for cow weights, condition scores and milk production were similar to those reported by Brinks et al. (1962) , Wyatt et al. (1977b) , Williams et al. (1979) and Hays and Brinks (!980) for Hereford range cows.
Mean squares from the least-squares analyses of variance are given in table 2 for selected traits. The traits presented in table 2 are those groups of traits where one or more of the traits in the group were significantly affected by breed of calf plus the two estimates of milk production. Interactions were generally unimportant and were deleted from final analyses. No interaction involving breed of calf was significant for any trait. Year, age of cow and the year x age of cow interaction were significant sources of variation for most traits.
Breed Group of Calf
The effect of breed group of calf was important (P<.05) for cow weight change from precalving to weaning, cow weight change from precalving to weaning divided by cow height at withers at weaning, cow condition score at weaning and cow pregnancy rate (table 2) .
The effects of calf breed group on the cow traits are shown in ., .~ (P<.05) than cows raising 50% Simmental calves. Calf breed group did not have a significant effect on cow condition score postcalving, but at weaning the cows raising Hereford and 25% Simmental -75% Hereford calves had higher condition scores (P<.05) than those raising 50% Simmental -50% Hereford calves. For change in condition score from postcalving to weaning, the cows raising Hereford calves had a greater (P<.05) increase than those raising 50% Simmental calves.
There was no real tendency for cows raising straightbred calves to produce less milk during lactation than those raising crossbred calves. This was in agreement with the conclusion of Wyatt et al. (1977a) that "it appears that the potential growth rate of calves had little effect on milk intake." However, Reynolds et al. (1978) reported that cows raising crossbred calves produced 0 to 26% more milk than those raising straightbred calves. Cartwright and Carpenter (1961) reported that crossbred calves suckled more frequently than straightbred calves.
The effect of calf breed group on pregnancy rate refers to the effect of the breed of the present calf on whether a cow was diagnosed pregnant or nonpregnant when she weaned her present calf. Cows raising straightbred Hereford calves had a higher (P<.05) pregnancy rate than cows raising 50% Simmental calves, and cows raising Angus-Hereford and 25% Simmental calves were intermediate.
The present results indicated that crossbred calves stressed their dams more than straightbred calves. Among the crossbred calves, those with a higher percentage of Simmental breeding stressed their dams more than those with a lower percentage of Simmental breeding. These results are compatible with those of the companion paper (Lawlor et al., 1984) , where it was shown that the average weaning weights of the straightbred Hereford, Angus -Hereford, 25% Simmental -75% Hereford and 50% Simmental -50% Hereford calf breed groups were 185, 192, 192 and 201 kg, respectively. Hence, calf breed groups that exhibited greater weaning weight also stressed their dams to a greater degree.
The overall productivity per Hereford cow in each breeding system (i.e., classified by breed of calf) was calculated by multiplying pregnancy rate of the present study by 180-d weight or net kilograms weaned from the companion study (Lawlor et al., 1984) . The results are shown in table 4. None of the crossbreeding systems excelled the straightbreeding system. In fact, the crossbreeding system that produced the heaviest calves at weaning stressed the dams to such a degree that overall productivity per cow was lowest. This was mediated primarily by a low pregnancy rate and(or) low survival of calves.
Breed Group of Previous Calf.
The breed group of the calf that was raised the previous year had no significant effect on any of the cow traits. Of the 20 cow traits studied, breed group of previous calf approached significance at the probability level of P<.10 for one trait and at the probability level of .10<P<.20 for four traits. These numbers of traits at these probability levels would be expected due to chance.
Calf Birtb Weight and Preweaning ADG as
Covariates. In an effort to determine how the crossbred calves exerted effects on cow traits, Calf breed group analyses were conducted with calf birth weight and preweaning ADG as covariates. Birth weight was considered to be a better measure of stress at. calving than calving difficulty score because no 2-yr-old dams were involved and most calving difficulty scores were the one indicating no difficulty (Lawlor et aI., 1984) . When calf preweaning ADG was included in the model (table 5) the level of significance for the effect of breed group of calf was reduced from .02 and .02 to .24 and .23 for cow weight change from precalving to weaning and cow weight change from precalving to weaning per unit of height, respectively. Hence, an important part of the effect of calf breed group on cow weight change was mediated through calf growth rate.
When calf birth weight was added to the model as a covariate (table 5), the levels of significance for breed group of calf changed very little. Hence, parturition stress, as measured by calf birth weight, did not appear to be an important way for calf breed group to exert an effect on traits of cows.
Including calf birth weight and preweaning ADG as covariates simultaneously (table 5) gave results similar to those when calf preweaning ADG alone was added as a covariate.
Effect of Pregnancy.
To determine whether pregnant cows differed from nonpregnant cows, pregnancy status was added to the basic model as a main effect. Pregnancy status was significant or approached significance (P<.10) for cow weight change from prebreeding to weaning and from precalving to weaning, weight change from precalving to weaning per unit of height, condition score at weaning and change in condition score from postcalving to weaning. Means for nonpregnant and pregnant cows (table 6) indicated that pregnant cows gained more weight from precalving to weaning, but that weight loss just after calving was similar. Pregnant cows did not have higher condition scores at postcalving, but did gain more condition from postcalving to weaning and exhibited greater condition scores at weaning.
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